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INFLUENCE OF ELLIPTICAL DISTRIBUTIOK OF
LIFT ON STRENGTH OF AIRPLANE WINGS,*
By Col. Dorand.

Hitherto it has beean geﬁerally assumed, in calculating the
cell of an airplane, that the forces withstood by the latter were
distributed uniformly throughout the whole length of the wing.

In reality this is not the case and German engineers in particular
are now assuming an elliptical distribution of the forces.

The latter hypothesis has made it possible to carry out a
certain number of calculations which have baen verified by experi-
m3nt. Consequently we may assume it to be more reasonable than the
former hypothesias.. -

For the seotion A, (Fig. 1), located at a diatance x,
from the center of a wing with a span of 31, the bending moment
wlll be M; according to the former hypotheslis and My according
to the latter. We can easily ocalculate these two moments, if we
know the total force ﬁ withstood by the wing. |
y It is interesting to calculate the éatio-u§: and oconsequently
nl—i;¥1 which charaoterizes the excess strength of an airplane on
the hypothesis of uniform distribution. This is true, since with
equallty of the moments of inertia, the coefficient of safety is

inversely proportional to the bending moment.

* From Premier Gongidb International de la Navigafion-Aérienne,
Paris, November, 1931, Vol. II, pp. 44-486.
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1. Under the hypothesls of the uniform distribution, we have:

M =g X3
2 with reference to ths equation z, = 3;-1 independent of the span

. —3
n,=%1(1-z1).

_—
- =8 orantunen b T . -

3. Under the hypothesla of the elliptical distribution, we

have ¥y as the 1lift per unlt length at the center of the wing
é (Fig. 3) and y at a roint A at a distance = from the center

X1, vy and y, are combired by the equation of the ellipse

/2

y=yzl.(la—xa) .

surthermore, P 1s equal to half ths area of the ellipse con-

s3tructed with 7, and 1 as the half-axes. We {then have

a L

Let us take a point A (Fig. 3). At this point the foroe
will be y & x and the moment 4 MYy of this force with referenocs
to A,, looated st a distance xy from the ocenter of the span,

7111 be
')

dlfg=(x-x;)ydx=(x-—xI)'§:“(la-x=) dx.

The total moment M, with reference to A, " will then be
l
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or on putting =z, =
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On designating the parenthetiocal term by 2, we have

The ratlo

1
Ug

_ 2P _
¥s = 3.1418 z

' 2
%3 111 then be i - 32416 1 - 2,

82

independent of the span and of the total force P.

u

1f we calculate the values of the ratios %1 and —!—E‘l
in terms of 2z, = 1:-1, we have °
- 1
1 3 4 3
i Excess strength
z =1 % n-%
1 %
0 8 Center of alrplane 18%
0.3 1.38 . ; 28%
0.4 1,46 46%
il 0.8 1.75 75
0.8 3.6 160%
1

If, ‘a8 we' mugt assume, the distribution of the forces with-

stood by the wings approaches the elliptical form, the airplanes

P

Extreme edge of wing

i

‘A
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saloulated on the sssumption of uniform distribution would not be
Lomogenecus, as shown by the figures of the above tabls.

In faoct, thelr exoess gtrength, which 1s conslderable at the
ends of the wings, would continmue to decrease toward the oenter of
the span, where this axocess would still be 18% of the total streng:h
At the middle of the half-span the excess strength would be about
50%.

The attentlion of constructors should be directed espeoilally to
.the proint just mentionzd, sinoce the foregoing conslderations lsad
us ‘to anticipate considerable reductions in the weight of alrplane
wings, which would greetly affect their manner of conmstruction.

The static tests would have to correspond to any new method of
construction, consequent on the foregoing remarks, with allowance
for ths elliptical distribution.

Of ourse the hypothasis of the elliptical distribution should
not be accepted without verification, but to follow old erronsous
methods, without 1nvestiéating the possibillity of a great 1mpr&ie-
. ment 1ln construotion, would be contrary to the 1dea of progress

which has always animested us in our work.

Translated by the National Advisory Committee for Aeronautics.
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Tae,diZference is tha.t wherea.s in the oa.se o£ the l!g.uz_iog___ )

Tarman the machins wa.e d.oing these alow glid.es with e. loa.d.ing of.'
3 1bs. to the square foot a.nd. who:reas the B Es wera doing it wit
a locading of about 4 lbs. to ths ::qt.a.ra foot, ‘tho Handley Pa.ge
did it at.8 lbs. to tne squa.re fout. Hhen one geis beyond suoh
welght it 1s possible by eliminating officlal ga.d.e;ets to. produoe
a ma.ohine whioch oomes very near oa.rrying a pa.ying commercial load.
without the aid of subsidies. That 1s 'll‘here the real advanoce
has been mads. -(C.G.G.) S x
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